1. Introduction {#sec0005}
===============

Eagle's syndrome is an expression of a combination of symptoms which was first described by Watt Weems Eagle in 1937 [@bib0030]. Later, he defined two different forms: classic styloid syndrome, showing uncharacteristic pain and foreign body sensation, and secondly stylo-carotid-artery syndrome, which in some cases can be responsible for TIA/stroke [@bib0015; @bib0025; @bib0040; @bib0030]. This article concerns styloid syndrome as a cause of head and neck pain, resulting from the presence of an elongated styloid process above 25 mm as Eagle believed [@bib0015]. In an advanced study, Moffat et al. measured 80 cadaver heads and found a mean range from the skull base to the tip of the styloid of 3.27 cm. Two main theories should be contemplated when assessing the origin of elongation of the styloid process. Eagle presumed that a secondary cause of elongation was traumatic scarring and hyperplasia related to previous tonsillectomy [@bib0020]. Today, bone development and homeostasis are thought to contribute to the elongation of the styloid process, including the consideration of the presence of two ossification centers in the styloid process, embryonic mesenchymal conversion to osteoid matrix, osteoarthritic changes, and diseases of calcium--phosphate maintenance as Fusco et al. point out [@bib0030]. Morrison et al. state that the ossification of the styloid process may be hereditary in some families and is most likely due to an autosomal dominant gene [@bib0055].

The styloid process protrudes from the bottom of the petrous bone and thereby crosses parapharyngeal anatomical structures such as the internal carotid artery, maxillary artery, internal jugular vein, glossopharyngeal nerve, vagus nerve, and branches of both the trigeminal and facial nerves to travel medial to the styloid process [@bib0030; @bib0075]. Particularly the proximity of the styloid process to the jugular foramen and carotid canal orifice is influential to the ultimate pathophysiology of Eagle's syndrome [@bib0030].

The origin of styloid process is related to three different muscles and two ligaments. The stylopharyngeus muscle raises the pharynx, the stylohoid the hyoid, and the styloglossus the tongue. The stylohyoid ligament stabilizes the hyoid bone, and the stylomandibular the mandible by assessing the posterior part [@bib0075]. Embryologically the styloid process, stylohyoid ligament, and lesser cornu of the hyoid bone derive from endochondral ossification of Reichert's cartilage. This is the cartilaginous component of the second branchial arch and is divided into five parts [@bib0030]. Four of them, the tympanohyal, the stylohyal, hypohyal, and basyhyal contribute to the styloid process and the hyoid bone [@bib0030].

The styloid process, when elongated, irritates nerves as well as blood vessels, resulting in pain in the affected area [@bib0030]. An elongated styloid process can be found in approximately 4 percent of the human population and causes symptoms in only a small subgroup [@bib0075; @bib0005]. A higher occurrence is assumed to be present in populations of African genetic heritage [@bib0050]. Women in their 4--6th decade of life are most likely to be affected and express symptoms [@bib0030]. Bone development abnormalities could be considered as a reasonable cause of elongation of the styloid process and the ossification of the stylohyoid ligament [@bib0050; @bib0030]. Diagnostic techniques include panoramic radiographs, CT, and the use of further radiographic imaging methods, such as skull posterior-anterior conventional X-ray (PA) [@bib0045]. Treatment is most often nonsurgical for selected patients, but must be carried out surgically for patients without relief. An intraoral or extraoral surgical approach is performed in these instances, often depending on the surgeon's practical experience and preferences regarding the operation type [@bib0060]. Adverse effects of surgery could cause harm to major vessels such as the carotid artery or vagal nerve. This could lead to complications in form of excessive or catastrophic bleeding during surgery and postoperative or disorders of orthostatic regulation.

This work has been reported in line with the CARE criteria. [@bib0035]

2. Presentation of case {#sec0010}
=======================

A 66-year old male patient has been experiencing head, neck, and shoulder pain on both sides of the body for over a decade. In this time period, he was examined by several different medical specialists and experienced no relief or signs of improvement. In his case, rotation of the head was limited to 45° to the left and 35° to the right, which normally is possible in the range of 60--80°. Extension of the head up to 55° was possible while experiencing heavy pain. A calcified styloid process next to the ramus on both sides of the head was observed in a routine panoramic radiograph ([Fig. 1](#fig0005){ref-type="fig"}). Surgery of the cervical spine in order to treat a disc prolapse C5/6, as well as osteopathy and strength training brought no relief. The patient described an intensification of pain after exercise activities, such as normal gym workouts and cycling. No trauma or surgical treatment and no neurological or infectious focus were found in the patient\'s history. The patient was being administered analgesics with daily doses of tilidine 50 mg 1-0-0 and amitriptilin 25 mg 0-0-1. The patient suffered from a symptomatic complex and ceased to participate in social activities. At the time of presentation to our department he was psychologically decompensated and saw a surgical procedure as a last chance for him to lead a normal life again. The described results of CT-imaging, as well as the type of head and neck pain present, are both characteristically indicative of Eagle's syndrome. Neither internally nor externally could masses in terms of the calcified process be palpated, which frequently is possible in the oropharyngeal area [@bib0060]. The new anatomic proportions after the intervention could be responsible for the vertigo the patient experienced a few weeks after surgery.

The patient was examined using ultrasound and echoes due to the ossification of the elongated styloid processes were detected in the analysis. High resolution thin-layer CT-imaging of the head revealed an 8.8 cm long styloid process and calcified stylohyoid ligament on the left side of the head and a 6.8 cm long styloid process on the right. ([Fig. 2](#fig0010){ref-type="fig"}) In order to prevent any damage to the surrounding structures, magnetic resonance imaging (MRI) and magnetic resonance angiography (MRA) were utilized to analyze and document the soft tissue, including the carotid arteries, in the area of the styloid processes. In general, treatment should be adjusted to the severity of patients symptoms [@bib0040]. Thereby, a conservative and surgical approach to treatment of an elongated styloid process is possible. Conservative management is comprised of physiotherapy, local infiltration with anesthetics in the tonsillar fossa, and treatment with anti-inflammatory drugs, anticonvulsants or antidepressants, and often fails as Prasad et al. found in their clinical trial [@bib0040; @bib0070].

The treatment of choice for this patient was a surgery to reduce the length of the stylohyoid ligament and remove the styloid process [@bib0040]. Hereby, an extraoral or intraoral approach is possible. Piezoelectric instruments were in this case preferred, as their use minimized risk of harming other structures in the immediate area [@bib0040]. This risk of harming anatomical structures in the parapharyngeal area such as the carotid artery rises when using internal assessment procedures, due to the difficulty in full visualization of the area [@bib0070].

The patient underwent operative treatment using a submandibular approach. Endoscopy-assisted surgery and CT-based navigation was used to precisely identify the surrounding anatomical structures and carry out the operation. A 4 cm piece of the process was removed at the skull base. ([Fig. 3](#fig0015){ref-type="fig"}) The patient reported an easing of his pain only two days after being taken off of analgesia. Rotation to left and right and extension of the head to the aforementioned normal values was also achieved. The patient's symptoms regressed and the he was discharged free of complaints. Two months after being discharged from our hospital, the patient again presented himself to our department with occurrence of vertigo, which improved without treatment after two days. To date, the patient feels relief, continues living a normal life, and no longer takes tilidine medication; instead he uses a low daily dose of gabapentine, which has been administered by a medical psychotherapist as prophylaxis for neuropathic pain in the head and neck area. No elevated occurrence of vertigo was noticed, and he stated two years after surgery that his quality of life has improved.

3. Discussion {#sec0015}
=============

Chronic pain of the head and neck is common, and the origin of this pain can vary greatly [@bib0030]. In the present case, Eagle's syndrome was diagnosed upon panoramic imaging and an analysis of reported symptoms after a routine check by a dentist. Ultrasound and CT-scanning confirmed the diagnosis and MRA was used to determine the location of blood vessels in the surrounding area.

Currently, CT can be defined as the standard method for the diagnosis of Eagle's syndrome [@bib0065; @bib0060]. Diagnostic imaging concerning the confirmation of Eagle's Syndrome can be carried out using panoramic radiographs and ultrasound. In this manner, radiation dosage can be reduced and cost-intensive diagnostic techniques can be largely avoided. In addition, using CT-navigation combined with endoscopy reduces the invasiveness and risk of a surgical operation on the styloid process. The use of an extraoral approach can further reduce the damage caused to the surrounding tissues and nerves that could occur during the operation.

When a patient is presenting long-term pain of the head and neck region, dentists and physicians should consider Eagle's syndrome as a possible cause. The aforementioned diagnostic and therapeutic methods allow physicians to correct the life-limiting conditions being experienced by a patient who is suffering from chronic pain due to an elongated styloid process. Even psychological effects, as in this case, can be seen, further degrading patients' quality of life.

Elongated styloid process is a differential diagnosis of temporomandibular joint disorder (TMD). This causes pain in the TMJ region or preauricular region, mandibular movements, joint noises and sounds, referred pain, headaches, tinnitus, earaches, vertigo or dizziness, hypoacusis, and hyperacusis [@bib0010]. In conclusion, Eagle's syndrome, with its similar symptoms, is rather difficult to differentiate from TMD. It is more likely to speak of Eagle's syndrome as a contributor to the TMD symptomatic complex.

4. Conclusion {#sec0020}
=============

Eagle\'s syndrome has a vast variety of symptoms, including pain of the head and neck region. Thereby differentiation from the TMD symptomatic complex is hardly possible. By using easily accessible panoramic imaging and ultrasound, Eagle's syndrome can be excluded from possible differential diagnoses of TMD. An external surgical approach can be the last chance to help affected people live a normal life again.
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![Panoramic imaging of the patient: the arrows point to the bilateral calcified stylohyoid ligaments lateral to the ramus.](gr1){#fig0005}

![CT 3D reconstruction of the elongated styloid process on the right side: the yellow arrow points out the styloid process on the right. The red arrow is directed at the hyoid bone.](gr2){#fig0010}

![Biopsied 4 cm piece of styloid process.](gr3){#fig0015}
